Abstract: Suspended sediment yields in the Upper Yangtze River and its four headwater tributaries (i.e., Jinsha, Min, Jialing and Wu) have declined significantly during the recent decades. Compared with 1956Compared with -1970, mean annual suspended sediment yield during 2001-2011wasreduced by 84% in the Upper Yangtze River at Yichang, by 34% in the Jinsha at Pingshan, by 84% in the Jialing at Beibei, by 75% in the Wu at Wulong, and by 48% in the Min at Gaochang. Linking the observed decadal changes of runoff discharge and suspended sediment load to dam construction and multiple environmental rehabilitation projects (e.g., soil-water conservation, reforestation) during the past decades, it can be concluded that the construction of large dams on the main stem and major tributaries of the Upper Yangtze River has played a principal role in the reduction of fluvial suspended sediment yields, while the environment rehabilitation projects may make limited contributions to the changes in suspended sediment yields except for the Jialing River.
Introduction
The Upper Yangtze River Basin has been targeted as a principal provenance area for runoff discharge and suspended sediment yield in the Yangtze River. However, suspended sediment yields in the Upper Yangtze River and its major headwater tributaries (i.e., Jinsha, Jialing, Min and Wu) have demonstrated continuous reduction over the past decades [1, 2] . Many literatures have attempted to link these temporal changes to climate change (e.g., the change of precipitation, air temperature and evaporation) and the expansion and intensification of diverse human activities (e.g., extensive land use change associated with forest destruction, land clearance and agricultural expansion and intensification, water diversion, soil and ( an important role in riverine sediment regulation in the lower Jinsha River. Sediment reduction within the reaches below a dam is usually less than the sediment load trapped for the downstream river with no or limited sediment supply from tributaries after reservoir operation (Fig. 3a, b) . However, the reduction may be larger than the sediment load trapped in the reservoir for the downstream river with huge sediment supply from tributaries (e.g., the lower Jinsha River) after the operation (Fig. 3c) and the sudden drop of sediment yield has occurred since operation of the Ertan Reservoir in 1999 (Fig. 2) .
Effects of Large Dams on Reducing Fluvial Sediment Delivery
Sediment tapping by dams is a well-documented mechanism to explain the abrupt reduction of downstream sediment yield [5] . However, it is insufficient to explain the reduction of sediment yield in the Lower Jinsha River recorded at Pingshan. Since 1999whenthe Ertan reservoir became operational, annual sediment yield at downstream Pingshan hydrometric station has decreased sharply. The mean annual value reduced from 2. The annual inflow runoff discharge is 5.27×10 8 m 3 , which accounts for 36.9% of the annual runoff discharge recorded at Pingshan. As a substantial proportion of the sediment load in the Jinsha River was transported by big floods, the impoundment of the Ertan Reservoir has great effects on retaining peak flood discharge and the sediment transportation capacity of Jinsha River below Ertan Reservoir will be significantly reduced. A mechanism of sediment transportation capacity reduction is proposed to illustrate the effects of a large reservoir with unlimited storage volume on changes of sediment yields with time and distance in the downstream reaches (Fig. 3) . For the downstream reaches with no sediment supply from local tributaries (model I), it is assumed that sediment yield has no change with distance and the relationship between sediment yield and distance is a line parallel to X axis. Impoundment of a large reservoir leads to immediate sharp reduction of sediment yield and the yield will gradually increase with time and distance from the dam site, because sediment trapping efficiency decreases with time and sediment supply from channel bed erosion increases with distance. After a certain time when the channel beds of the downstream segment are scoured too rigid or too coarse to supply sediment, the sediment yield in the downstream segment will return to the situation before the reservoir construction.
For a downstream segment with limited and uniform sediment supply from tributaries (model II), it is assumed that sediment yield has uniform change with distance and the relationship between sediment yield and distance is an oblique line. As model I, impoundment of a large reservoir results in immediate sharp reduction of sediment yield and sediment yield will gradually increase with time and distance. After a certain time when the channel beds of the downstream segment are scoured too rigid or too coarse to supply sediment.
For a downstream segment with huge and uniform sediment supply from tributaries (model III), it is assumed that sediment yield has uniform change with distance and the relationship between sediment yield and distance is an oblique line, which is steeper than model II. As model I and II, impoundment of a large reservoir results in immediate sharp reduction of sediment yield, but the yield will rapidly increase with
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time and distance with steep gradient because of huge sediment supply from tributaries, then the increasing gradient become gentle because of the limited sediment transportation capacity, which is largely reduced by dampening peak flood discharge of reservoir impoundment. After a certain distance, the differences of the sediment yields before and after the reservoir impoundment at a point can be greater than the trapped sediment yield by the reservoir. It is different from model I and II. After a certain time, the sediment yield in the downstream segment will return to the situation before the reservoir construction because of recovery of the sediment transportation capacity due to geometric shape changes of the channels in the downstream segment. 
Conclusion
Suspended sediment yields in the Upper Yangtze River and its four major tributaries have declined significantly during the past decades. Compared with 1956-1970, mean annual sediment yields during 2001-2011 were reduced by 84% in the Upper Yangtze River at Yichang, by 34% in the Jinsha River at Pingshan, by 84% in the Jialing River at Beibei, by 75% in the Wu River at Wulong, and by 48% in the Min River at Gaochang.
Linking the decadal changes of fluvial runoff discharges and suspended sediment yields since the1950s to construction of large dams and the environment rehabilitation projects implemented since the 1970s, it can be concluded that dam construction has played a predominant role in the recent reduction of suspended sediment yields in the major tributaries, except for the Jialing River where the environment rehabilitation projects have contributed considerably to the reduction of fluvial suspended sediment yields.
Suspended sediment yields in the Upper Yangtze River recorded at Yichang have significantly decreased since the 1999 due to the sudden drop of sediment yield from upstream Jinsha River. The abrupt decrease of suspended sediment load has occurred in 2003 when the first-phase operation of the Three Gorges Reservoir was implemented. The total sediment silting in the reservoir during 2003-2011 was estimated to be 12.63×10 8 t.
Besides trapping sediment, a large reservoir has effects on reducing sediment transportation capacity in the downstream reaches due to that reservoir impoundment dampens peak flood discharge. A proposed mechanism of sediment transportation capacity reduction is able to explain the severe decrease of sediment yield in the downstream segment with huge sediment supply from tributaries, the amount
